A tyrosine-metabolizing, Gram-stain-negative, strictly aerobic, non-spore-forming, curved-rodshaped, motile (due to monopolar flagellum) marine bacterium, designated strain CC-PW-9 T , was isolated from estuarine water off Pingtung, Taiwan. Strain CC-PW-9 T not only shared highest 16S rRNA gene sequence similarities with Idiomarina representatives (96.4-93.4 %, n=26), but also formed a distinct phyletic lineage and coherent phylogenetic cluster associated with those species. Cells of strain CC-PW-9 T grew with 6-12 % (w/v) NaCl, at 20-40 C and at pH 6-9. It produced predominant amounts of phosphatidylethanolamine, plus diphosphatidylglycerol, phosphatidylglycerol, phosphatidylserine, two unidentified phospholipids, an unidentified phosphoglycolipid, two unidentified lipids and an unidentified aminolipid in moderate to trace amounts. Fatty acids such as iso-C 15 : 0 , iso-C 17 : 0 and iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl (summed feature 9) were found in major amounts. The DNA G+C content was 51.1 mol%. Ubiquinone-8 (Q-8) was the sole respiratory quinone. Based on evidence from this polyphasic taxonomic study, strain CC-PW-9
The genus Idiomarina, belonging to the family Idiomarinaceae and class Gammaproteobacteria, was first proposed by Ivanova et al. (2000) to characterize two deep-sea bacterial isolates originating from the Pacific Ocean. At the time of writing, the genus Idiomarina comprised 26 species including all Pseudidiomarina species (Jean et al., 2006 (Jean et al., , 2009 Hu & Li, 2007; Wu et al., 2009; Park et al., 2010) that have been reclassified (Taborda et al., 2009; Wang et al., 2011) . Most species of the genus Idiomarina have been isolated from seawater (Brettar et al., 2003; Jean et al., 2006; Wu et al., 2009; Park et al., 2010; Song et al., 2013; Poddar et al., 2014) and hypersaline habitats (Martínez-C anovas et al., 2004; Choi & Cho, 2005; Yoon et al., 2007; Taborda et al., 2009; Zhong et al., 2014; Lee et al., 2015; Jos e León et al., 2015) . In addition, type strains have also been isolated and characterized from reef-building coral (Chen et al., 2012) , fermented fish (Sitdhipol et al., 2013) , marine sediment (Hu & Li, 2007) , seashore sand (Kwon et al., 2006) , a hydrothermal vent (Donachie et al., 2003) and a crude-oil-degrading consortium (Wang et al., 2011) .
Idiomarina representatives are strictly aerobic, catalase-and oxidase-positive, Gram-stain-negative, motile rods with slightly curved morphology. Ubiquinone 8 (Q-8) is the main respiratory quinone. The DNA G+C content ranges from 45 to 54 mol%. Diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylserine, and several uncharacterized phospholipids, glycolipids, aminolipids and phosphoaminoglycolipids may be found as polar lipid components (Taborda et al., 2009; Chen et al., 2012; Lee et al., 2015; Jos e León et al., 2015) .
Strain CC-PW-9
T was isolated from surface seawater collected at an estuary near Pingtung, Taiwan (22.466098 N 120.444000 E) using the standard dilution-to-extinction plating technique. Cells were repeatedly subcultured using marine agar 2216 (MA; BD Difco) at 30 C, purified and preserved in marine broth (MB) supplemented with 20 % (v/v) glycerol at -80 C. Taxonomic investigations were carried out according to published guidelines (Tindall et al., 2010 (Ivanova et al., 2000) , were used for direct comparative taxonomic analysis. All strains were cultured on MA or in MB for 48 h at 30 C, unless specified otherwise.
The genomic DNA of strain CC-PW-9
T was isolated by using the UltraClean Microbial Genomic DNA Isolation Kit (MO BIO) by following the manufacturer's instructions. The partial 16S rRNA gene was amplified via PCR according to Shahina et al. (2013) . Gene sequencing was performed by using the BigDye terminator kit (Heiner et al., 1998) and an automatic DNA sequencer (ABI PRISM 310; Applied Biosystems) (Watts & MacBeath, 2001) . Sequence fragments were then assembled using the Fragment Assembly System program from the Wisconsin Package (GCG, 1995) . Sequence similarity values were computed using BLAST searches (Altschul et al., 1990) and the EzTaxon-e server (Kim et al., 2012) . Sequence data were analysed by MEGA 5 (Tamura et al., 2011) , after multiple alignment by CLUSTAL X (Thompson et al., 1997) . A distance matrix method (distance options according to the Kimura two-parameter model; Kimura, 1980) including clustering via the neighbour-joining (Saitou & Nei, 1987) , discrete character-based maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods were used. The topologies of the trees were evaluated by using the bootstrap resampling method based on 1000 replications (Felsenstein, 1985) .
The size of the 16S rRNA gene amplicon of strain CC-PW-9
T was 1508 bp. According to EzTaxon-e database T (95 %), while with other Idiomarina species it shared 94.9-93.4 % similarity. In the maximum-likelihood phylogenetic tree, strain CC-PW-9 T formed a distinct phyletic lineage associated with I. baltica OS145 T , having 14 % bootstrap confidence of the node (Fig. 1 ). In the maximum-parsimony tree, strain CC-PW-9
T was associated with both I. baltica OS145 T and I. fontislapidosi F23
T with 40 % bootstrap support (Fig. S1 , available in the online Supplementary Material). However, these two low bootstrap values indicated the phylogenetic instability of the novel strain with regard to the above mentioned two species. In contrast, in the neighbour-joining tree there was 81 % confidence of the node that the novel strain clustered strongly with the Idiomarina clade accommodating the type species of the genus (Fig. S2) . Thus, the taxonomic uniqueness and affiliation of strain CC-PW-9
T to the genus Idiomarina was validated through both pairwise similarity and phylogenetic analyses.
The following tests were performed exclusively on strain CC-PW-9
T . Colonies were examined for morphological features such as appearance, size, shape, texture and pigmentation. The presence of endospores was determined by phase-contrast microscopy (model A3000; Zeiss) after malachite-green staining (Smibert & Krieg, 1994) of the cells grown on MA for 7 days. Cell morphology, including the presence of flagella, was determined by placing the cells (1-2 days old) on a carbon-coated copper grid followed by staining with 0.2 % uranyl acetate for 5-10 s, brief airdrying and observation under a transmission electron microscope (JEOL JEM-1400). Gram-staining was performed according to Murray et al. (1994) . Growth under anaerobic conditions was tested using MA or MA supplemented with 0.1 % KNO 3 by incubating the culture plates in an anaerobic chamber (COY). The requirement for NaCl was tested using nutrient broth (HiMedia) supplemented with 0-15 % (w/v) NaCl (at 1 % intervals). Cell growth at various pH (4.0-10.0, in intervals of 1.0 pH unit) was examined using the following buffer systems: 0.1 M citric acid/0.1 M trisodium citrate for pH 4.0-5.0; 0.2 M Na 2 HPO 4 /0.2 M NaH 2 PO 4 for pH 6.0-8.0 and 0.1 M NaHCO 3 / 0.1 M Na 2 CO 3 for pH 9.0-10.0. pH was checked and adjusted after sterilization of the media. Growth at 10, 20, 25, 30, 37, 40, 45, 50 and 55 C was tested in MB after 72 h of incubation. Cells were inoculated in Biolog GN2 MicroPlates according to the manufacturer's instructions, except that the cell suspensions were prepared in sterile 3.2 % (w/ v) sea salt (Sigma) solution.
The following tests were carried out on all four strains. Catalase activity was assessed by monitoring bubble production while treating the cells with 3 % (v/v) H 2 O 2 . Oxidase activity was determined by using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (bioM erieux). Cells prepared in 3.2 % (w/v) sea salt (Sigma) solution were inoculated into API 20 NE and API ZYM systems (bioM erieux) for biochemical and enzymatic analysis. Antibiotic sensitivity was tested using the ATB PSE5 panel (bioM erieux). Cell suspensions for antibiotic assay were prepared in fullstrength MB supplemented with starch (1.5 g l -1
) as the cells failed to grow in the commercial inoculation fluid supplied by the manufacturer. Hydrolysis of starch (0.2 %, w/v), egg yolk (1.0 %, v/v) and Tweens 20 and 80 (each 1.0 %, v/v) was tested on MA according to Smibert & Krieg (1994) . Degradation of casein (1.0 %, w/v, skimmed milk), colloidal chitin (1.0 %, v/v), CM-cellulose (1.0 %, w/v) and xylan (1.0 %, w/v) was tested on MA. Degradation was revealed by the formation of a clear zone around the colonies either directly or after flooding with appropriate stains (Teather & Wood, 1982) . Hydrolysis of L-tyrosine (0.5 %, w/v) was tested on MA (Barrow & Feltham, 1993) . Urea hydrolysis was assessed using modified Christensen's urea agar media, which contained (w/v) urea (1 %), NaCl (6 %), monopotassium phosphate (0.2 %), peptone (0.1 %), dextrose (0.1 %), phenol red (0.0012 %) and agar (1.7 %).
Assimilation of sole carbon sources was found to be weaker in strain CC-PW-9 T and I. baltica LMG 21691 T when compared to I. fontislapidosi LMG 22169 T as determined through visual inspection of API 20 NE strips. All four strains were found to be resistant to amyloglycosides such as amikacin, gentamicin, tobramycin and polycationic peptide colistin. In addition, cells of strain CC-PW-9
T were also resistant to cotrimoxazol, a folate pathway inhibitor. Strain CC-PW-9
T exhibited strong hydrolysis of casein and Tweens 20 and 80. Cells hydrolysed L-tyrosine while producing strong characteristic diffusible brown pigments on L-tyrosine agar. I. abyssalis BCRC 80290 T also synthesized low amounts of such pigments irrespective of lacking Ltyrosine hydrolysis ability. By contrast, both I. baltica LMG 21691 T and I. fontislapidosi LMG 22169 T failed to produce any diffusible pigments although the latter exhibited weak hydrolysis of L-tyrosine. On Christensen's urea agar media, I. abyssalis BCRC 80290
T exhibited strongest hydrolytic . All data are from this study except where indicated otherwise. All strains are positive for the following characteristics: presence of a polar flagellum; assimilation of D-glucose; hydrolysis of gelatin, casein and Tweens 20 and 80; activity of catalase, oxidase, alkaline phosphatase, esterase (C4), leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase; sensitivity to ticarcillin, ticarcillin-pyocyanin, ticarcillin-clauvulonic acid, ticarcillin-clauvulonic acid-pyocyanin, piperacillin-pyocyanin, piperacillin plus tazobactam-pyocyanin, cefepime and ciprofloxacin; and resistance to amikacin, gentamicin, tobramycin and colistin. All strains are negative for the following characteristics: Gram-reaction; indole production; hydrolysis of starch, colloidal chitinin, CM-cellulose and xylan; fermentation of D-glucose; capric acid assimilation; and activity of p-nitrophenyl-b-D-galactopyranosidase, lipase (C14), a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. DP, diffusible brown pigments; +, positive; -, negative; S, sensitive; R, resistant; I, intermediate reaction. activity followed by strain CC-PW-9 T and I. baltica LMG 21691 T , whereas I. fontislapidosi LMG 22169 T lacked this phenotype.
Cells of strain CC-PW-9
T appeared to be curved rods with a monopolar flagellum (Fig. 2) . The cell surface was characterized by uneven membrane protrusions. Other characteristics of the strain are listed in the species description. The additional features that distinguished the isolate from its phylogenetic neighbours are given in Table 1 .
For cellular fatty acid analysis, the fatty acid methyl esters of strain CC-PW-9
T and reference strains were extracted from cells cultivated on MA at 30 C. Cell samples were harvested during the exponential growth phase, subjected to saponification, methylation and extraction as described previously (K€ ampfer & Kroppenstedt, 1996) , and analyzed by GC (model 7890A; Agilent). Peaks were automatically integrated, and fatty acid names and percentages were determined using the microbial identification standard software package MIDI (version 6) (Sasser, 1990) by adopting the database RTSBA6.
In line with the three reference strains, the predominant fatty acids detected in strain CC-PW-9
T were iso-C 15 : 0 (30.0 %), iso-C 17 : 0 (15.0 %), iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl (9.9 %, summed feature 9) and C 16 : 0 (5.1 %) ( Table 2 ). However, the strains could be be distinguished from each other based on quantitative variations in fatty acids such as C 15 : 1 !5c, iso-C 11 : 0 3-OH, C 16 : 1 !6c and/or C 16 : 1 !7c (summed feature 3) and C 18 : 1 !6c and/or C 18 : 1 !7c (summed feature 8). The predominance of isobranched fatty acids detected in strain CC-PW-9
T and the reference strains was in line with the characteristics reported for members of the genus Idiomarina The respiratory quinones of strain CC-PW-9
T were extracted according to Minnikin et al. (1984) and analysed by reversed-phase HPLC according to Collins (1985) . A SphereClone 5µ ODS column (Phenomenex; P/N 00G-4143-E0) with dimensions of 250Â4.60 mm and particle size of 5 µm was used for HPLC. Crude quinone extract was dried using a vacuum rotary evaporator, reconstituted in the mobile phase solvent and loaded (20 µl) into the HPLC column maintained at 37 C. Isocratic elution was achieved using methanol/1-chlorobutane (10 : 1, v/v) at a flow rate of 1.5 ml min -1 . Total run time was 30 min and primary detection wavelength was 270 nm. The elution was also monitored through an HPLC diode array detector and the peaks were identified using the UV-visible spectrum and retention time with reference to an authentic Q-8-producing bacterial species, Noviherbaspirillum malthae CC-AFH-3 T . Quinone peaks were exclusively integrated to obtain the percentage composition of quinone. Idiomarina species commonly produce Q-8 as a predominant respiratory quinone (Jean et al., 2009; Taborda et al., 2009; Wang et al., 2011; Lee et al., 2015) . Although no information is available on the possible minor quinone components in the majority of species, some strains have been identified to produce Q-7 in small amounts (Jean et al., 2009; Wang et al., 2011) . Strain CC-PW-9
T contained Q-8 as the sole respiratory quinone.
The polar lipids of strain CC-PW-9
T were extracted and analysed by two-dimensional TLC (Embley & Wait, 1994) . Ethanolic molybdatophosphoric acid (10 %), Zinzadze reagent, 0.2 % ninhydrin and a-naphthol were used to 
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As indicated by Montero-Calasanz et al. (2013) , summed features are groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete equivalent chain lengths (ECLs) as well as those where the ECLs are not reported separately. Summed feature 3 was listed as C 16 : 1 !6c and/or C 16 : 1 !7c; summed feature 8 was listed as C 18 : 1 !6c and/or C 18 : 1 !7c; summed feature 9 was listed as iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl.
visualize the spots corresponding to total lipids, phospholipids, aminolipids and glycolipids, respectively. Strain CC-PW-9 T produced predominant amounts of phosphatidylethanolamine plus moderate amounts of phosphatidylglycerol, phosphatidylserine, an unidentified glycolipid and an unidentified aminolipid (Fig. 3) . In addition, diphosphatidylglycerol, two unidentified phospholipids, an unidentified phosphoglycolipid and two unidentified lipids were detected in trace amounts. Phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol are the three most prevalent polar lipids identified in Idiomarina species (Taborda et al., 2009; Song et al., 2013; Zhong et al., 2014; Lee et al., 2015; Jos e León et al., 2015; Poddar et al., 2014) . Chen et al. (2012) identified phosphatidylserine in several species of Idiomarina, including the type species. In addition, Idiomarina species may also produce a number of uncharacterized polar lipids containing phospho-, glycoand/or amino moieties. Taken together, the polar lipid profile of strain CC-PW-9
T is well in accordance with those of Idiomarina species.
For determination of the G+C content, the DNA of strain CC-PW-9
T was subjected to thermal denaturation followed by enzymatic digestion into nucleosides as described previously (Mesbah et al., 1989) ; column temperature, 37 C; detection wavelength, 260 nm. The DNA G+C content of strain CC-PW-9 T was 51.1 mol%, a value well within the range (45-54 mol%) reported for other members of the genus Idiomarina (Taborda et al., 2009 ).
Thus, based on evidence from the present polyphasic taxonomic study, we propose the classification of strain CC-PW-9
T as a member of a novel species of the genus Idiomarina, for which the name Idiomarina tyrosinivorans sp. nov. is proposed.
Description of Idiomarina tyrosinivorans sp. nov.
Idiomarina tyrosinivorans (ty.ro.si.ni.vo¢rans. N.L. neut. n. tyrosinum tyrosine; L. pres. part. vorans devouring; N.L. part. adj. tyrosinivorans tyrosine-devouring).
Cells are Gram-stain-negative, non-endospore-forming, strictly aerobic, curved rods (1-2.4Â0.3-0.4 µm), which exhibit motility via a monopolar flagellum. Colonies are circular, entire, smooth, convex, beige, translucent and 0.5-1.5 mm in diameter on MA after 48 h of incubation at 37 C. Growth occurs with 6-12 % (w/v) NaCl (8-10 % optimum), at 20-40 C (37 C optimum) and at pH 6-9 (7.0 optimum). Positive for activity of catalase and oxidase. Positive for hydrolysis of urea, gelatin, L-tyrosine, casein and Tweens 20 and 80; weakly positive for assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid; negative for nitrate reduction, indole production, fermentation of glucose, arginine dihydrolase, and hydrolysis of aesculin, starch, colloidal chitin, xylan, CM-cellulose, egg yolk and p-nitrophenyl-b-D-galactopyranoside. In API ZYM tests, positive for activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase; negative for activity of lipase (C14), trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. In ATB PSE 5 tests, cells are sensitive to ampicillin-sulbactam, ticarcillin, ticarcillin-pyocyanin, ticarcillin-clauvulonic acid, ticarcillin-clauvulonic acid-pyocyanin, piperacillin, piperacillin-pyocyanin, piperacillin plus tazobactam, piperacillin plus tazobactam-pyocyanin, cefepime, imipenem, meropenem, ceftazidime and ciprofloxacin; resistant to amikacin, gentamicin, tobramycin, colistin and cotrimoxazol. In Biolog GN2 MicroPlates, positive for oxidation of a-cyclodextrin, glycogen, Tween 40, Tween 80, lactulose, D-psicose, turanose, pyruvic acid methyl ester, citric acid, a-ketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, L-alaninamide, L-alanine, L-alanyl glycine, Lasparagine, L-aspartic acid, L-glutamic acid, glycyl L-aspartic acid, glycyl L-glutamic acid, L-leucine, L-proline and T as determined by two-dimensional TLC. The total polar lipids were visualized by spraying the plates with 10 % ethanolic molybdatophosphoric acid. PE, phosphatidylethanolamine; DPG, diphosphatidylglycerol, PG, phosphatidylglycerol; PS, phosphatidylserine; PGL, phosphoglycolipid; L1-2, unidentified lipids; AL, unidentified aminolipid; PL1-2, unidentified phospholipids.
L-serine; negative for oxidation of the remaining substrates. iso-C 15 : 0 , iso-C 17 : 0 , and iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl (summed feature 9) are the major cellular fatty acids. Phosphatidylethanolamine is the predominant polar lipid. In addition, moderate amounts of phosphatidylglycerol, phosphatidylserine, an unidentified glycolipid and an unidentified aminolipid, and trace amounts of diphosphatidylglycerol, two unidentified phospholipids, an unidentified phosphoglycolipid and two unidentified lipids are also present. Q-8 is the sole respiratory quinone.
The type strain is CC-PW-9
T (=JCM 19757 T =BCRC 80745 T ), which was isolated from an estuarine water sample collected at Pingtung, Taiwan. The DNA G+C content of the type strain is 51.1 mol%.
